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Background
CD19 CAR-T therapies have shown curative potential in B cell cancers and are now being explored for 
autoimmune diseases by targeting autoreactive B cells. However, the traditional ex vivo approaches 
are limited by complex manufacturing protocols, burdensome lymphodepletion requirements, and 
safety concerns such as cytokine release syndrome. To that end, we are developing a fully in vivo T 
cell engineering platform using targeted lipid nanoparticles (tLNPs) to selectively deliver mRNA 
encoding an optimized CD19 CAR to CD8⁺ T cells. This strategy enables controlled, transient CAR 
expression without the need for ex vivo manipulation or conditioning regimens. In human PBMC 
cultures, CD34⁺ humanized mice, and non-human primates (NHPs), tLNPs drive lineage-restricted 
CAR expression and robust B cell depletion with repeat-dose potential and favorable pharmacokinetics. 
This platform represents a scalable, non-viral therapeutic modality enabling in vivo engineering of T 
cells with broad potential for treating autoimmune indications. To support early development of our 
tLNPs, here we have developed a translational PK/PD model to predict exposure-response relationship 
in humans to predict first-in-human (FIH) dose.

Figure 1: Aera’s tLNP platform for in vivo cell-specific mRNA delivery

Figure 2 Study Design: Cynomolgus monkeys were administered AERA-109-S (NHP specific 
CD20-CAR mRNA encapsulated within CD8-targeted LNPs) intravenously at 0.1 (N=2), 0.3 
(N=3), 0.6 (N=2), and 1 mg/kg (N=4) on Day 1 and Day 4.  

The PK module (blue) represents mRNA pharmacokinetics in both compartments, where administered mRNA drives 
transient CAR expression on T cells at a synthesis rate 𝐾syn_CAR and is cleared at rate 𝑘el. The CK module (yellow) 
describes cellular kinetics of CAR-T and B cells within each compartment, including CAR-T production, degradation 
(𝐾el_CAR), and recycling (𝐾recycle_T ), as well as B-cell synthesis and turnover (𝐾syn_B , 𝐾deg_B ). Exchange of CAR-T and 
B cells between blood and spleen is captured by inter-compartmental transfer rates (𝐾infiltration and Keq_B ). The PD 
module (red) depicts pharmacodynamic interactions, where CAR-T and B cells form complexes at rate 𝐾on, and 
mediate B-cell killing at 𝐾kill_B. Recycling of CAR-T cells enables multiple killing cycles.
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Figure 3: Schematic of a multi-compartment PK–CK–PD model for mRNA CAR-T therapy 
incorporating blood and spleen. 

Figure 4: Model-fitted and Observed (A) mRNA PK, B-cell counts in (B) blood and (C) spleen

A: mRNA PK  

B: B-cells (%CD20+ of CD45hi) in Blood 

C: B-cell (%CD20+ of CD45hi) in Spleen 
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• Dose-proportional exposure observed 
across the 0.1-1.0 mg/kg dose range in both 
plasma and spleen compartments

• Consistent PK profiles between first and 
second doses, indicating no time-dependent 
changes in disposition or clearance

• Linear pharmacokinetics support predictable 
dose scaling for FIH dose selection and 
regimen optimization

• Dose-dependent and rapid depletion of B 
cells in blood observed following mRNA-LNP 
administration

• Sustained B-cell depletion in blood observed 
when deep splenic B-cell depletion is 
achieved, suggesting tissue reservoir control 
is critical for durable peripheral suppression

• Recovery to 500 cells/μL predicted at 6 
months post-dose at 1 mg/kg

• Steep dose-response relationship with rapid 
transition from partial to complete (> depletion 
between 0.1-0.3 mg/kg

• Near-complete depletion achieved at doses 
≥0.3 mg/kg (~0-10% of baseline), 
demonstrating potent splenic B-cell elimination

• Low estimated ED50 (0.12 mg/kg) indicating 
high tissue sensitivity to CAR-T-mediated B-cell 
killing in the splenic compartment

• CD19-targeted CAR-T cells generated in situ
• Off the shelf, no need for complex 

manufacturing process
• Conditioning-free
• Non-viral, non-integrating
• Low risk of cytokine release syndrome 
• Single course of therapy to mediate B cell 

immune reset – no long-term B cell aplasia

Modeling Objectives: 
• PK: Characterize plasma and tissue PK of mRNA-LNP to establish exposure metrics in blood and 

spleen across dose levels (0.1-1.0 mg/kg)
• CK: Model CAR-T cell kinetics including T-cell activation dynamics, synthesis rates, and persistence 

following mRNA-LNP administration
• PD: Describe tissue-specific B-cell PD including compartmental depletion, recovery mechanisms, 

and inter-compartmental transfer between blood and spleen
• Quantify exposure-response relationships linking plasma and splenic PK to CAR-T cell synthesis, 

activation, and B-cell depletion
• Enable translational predictions for FIH dose selection through mechanistic understanding of PK/PD 

relationships

• Linear, dose-proportional PK observed for mRNA-LNP across 0.1-1.0 mg/kg in plasma and spleen, 
with consistent exposures between repeat doses enabling robust exposure-response modeling

• CAR-T activation after Dose 1 amplifies protein synthesis and B-cell killing efficacy at Dose 2, 
supporting the rationale for multi-dose regimens

• Steep dose-response relationship for B-cell depletion with near-complete splenic elimination at ≥0.3 
mg/kg (ED50 = 0.12 mg/kg) and sustained peripheral suppression driven by tissue reservoir control

• Mechanistic PK/PD model successfully integrated plasma/tissue exposure, CAR-T kinetics, and 
tissue-specific B-cell dynamics, with robust predictive performance

• Translational framework established for FIH dose selection through quantitative exposure-response 
relationships, enabling prediction of optimal dosing regimens for durable B-cell depletion in humans

Dots = Observed data, Blue line = Median, Shaded area = 90% Prediction interval
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